The major histocompatibility complex (MHC) is a cluster of genes encoding products central to all major functions of the vertebrate immune system. Evidence 
INTRODUCTION
Because amphibians evolved to exploit temporary ponds as a developmental niche for their larval stages, a functional immune system that develops quickly is necessary to enable them to respond to potential pathogens in that environment. However, studies of the ontogeny Smith et al., 1992 ) and induction of tolerance to self. They are the early larval period, when tolerance to tadpole antigens develops, and the postmetamorphic period, when tolerance to newly developing adult-specific molecules develops. Studies in murine systems (reviewed in Schwartz, 1984) have demonstrated that the major histocompatibility complex (MHC) is intimately involved in the selection of T lymphocytes for recognition of self and recognition of foreign antigens in the context of self. In Xenopus, studies involving the fusion of the anterior of one embryo to the posterior of another embryo have revealed that all T-cell precursors pass through the thymus, and resulting mature T cells are "educated" to recognize self and foreign antigens in the context of the MHC expressed by the thymus (Flajnik et al., 1985) . Because of the importance of the MHC in the devel'opment of immunological tolerance, it is important to understand when in ontogeny MHC antigens are expressed and what regulates their expression.
In the last ten years, the MHC of Xenopus has been well characterized (reviewed in Flajnik and Du ). Class and class II molecules have been described (Flajnik et al., 1984; Kaufman et al., 1985a Kaufman et al., , 1985b Flajnik et al., 1986) and cloned (Flajnik et al., 1991a; Sato et al., 1993; Shum et al., 1993) . Monoclonal antibodies have been produced that bind specifically to each class of MHC antigens (Flajnik et al., , 1991b . By using these reagents, it was possible to examine the ontogeny of expression of MHC antigens. Several distinct differences in the larval and adult patterns of expression have been described. Class II antigens are expressed predominantly on B lymphocytes and accessory cells in the tadpole, as is the pattern in most mammalian species. In addition, class II seems to have expanded tissue distribution on nonhematopoietic tissues in the tadpole (Du . After metamorphosis, however, class II is expressed on virtually all mature lymphocytes including T cells (Du Rollins-Smith and Blair, 1990a) . The most striking difference in MHC expression between tadpoles and adults is the apparent absence of expression of class antigens during larval life. Expression of class on erythrocytes begins around the time of metamorphosis (Flajnik and Du Pasquier, 1988) .
Because thyroid hormones (TH) are the master hormones driving metamorphosis, it was reasonable to ask whether TH are involved in the regulation of class I expression during ontogeny. If the surge of TH associated with metamorphosis (Leloup and Buscaglia, 1977) provides the cue for class expression, then total inhibition of TH release using goitrogens or premature treatment with exogenous TH to accelerate metamorphosis should inhibit class I expression or alter the timing of class expression. Here we report that class I expression is first detected at low levels in the spleen at prometamorphic stages 55-56 (about 34 days of age). The level of expression is upregulated in the spleen and on erythrocytes beginning at the end of metamorphic climax (stages 65-66). Metamorphosis-inhibited tadpoles expressed low levels of class comparable to that of normal larvae, but were unable to upregulate expression to adult levels. Thyroidectomized frogs, driven to metamorphose precociously, initially expressed low levels of class I but were eventually able to achieve adult levels of class expression. This observation suggests that the developmentally regulated increase in class expression is dependent on events occurring during normal metamorphosis but is not directly dependent on the elevated levels of thyroid hormones necessary to bring about metamorphic transition.
RESULTS

General Experimental Design
Each family of tadpoles to be examined for development of MHC class expression was divided into three groups. One group was allowed to develop normally at 18-22C. A second group, housed under identical experimental conditions, was treated with sodium perchlorate to inhibit metamorphosis, as described in Materials and Methods. A third group was thyroidectomized (thyroidx) and treated with increasing concentrations of thyroxine (T4) to accelerate metamorphosis, as described in Materials and Methods.
At a number of developmental stages between 53-54 and 1-3 months postmetamorphosis in the untreated controls, animals from each of the three groups were sacrificed. Developmental stages were determined ac- Figure 3 shows the developmental pattern and class expression pattern of a family of homozygous F-strain frogs. These animals were reared in the summertime in an air-conditioned laboratory. Water temperature averaged about 18-20C. As a result, they developed more slowly than the previous family shown in Fig. 1 (Table I ). This is reflected in the shift of the fluorescence intensity peak to the right, as shown for adult cells in Fig. 4, second panel MeanX for staining with TB 17 72.6 + 5.0 (Table I , Fig. 4 , third panel from the top). This is not significantly different from fluorescence intensity expressed by (Table I , Fig. 4, bottom panel) . Thus, it appears that metamorphosis was completed before high-level class expression had developed. It should be noted that some thyroidx-T4-treated frogs from the F X Outbred family were allowed to survive until month postmetamorphosis. At that time, they expressed adult levels of class I (data not shown).
As was observed with splenocytes of untreated control frogs, relative fluorescence intensity increased on erythrocyte populations after metamorphosis (Table II) . Increased expression on erythrocytes occurred slightly later than was observed on splenocytes. Although somewhat dimmer than adult splenocytes, adult erythrocytes were about three-to fourfold brighter than tadpole erythrocytes (Table II) . Erythrocytes from younger perchlorate-treated tadpoles (days 53-127) were approximately of the same fluorescence intensity as normal untreated tadpoles (Table II) rate-treated tadpoles showed an apparent increase in relative fluorescence intensity (Table II) . As was observed with splenocytes, the meanX of erythrocytes of Thyroidx-T4-treated frogs did not show increased intensity of staining with TB 17 monoclonal at the time points examined (up to 86 days of age) (Table II) .
Thymocyte populations were very dimly positive at larval stages and fluorescence intensity increased slightly in postmetamorphic adults (average linear mean fluorescence 12.8 _+ 0.8 for larval cells and 26.5 _ _ 2.6 for the adult population; Table III ). There was no evidence for increased expression on thymocytes of older perchlorate-treated frogs (Table III) . The increased expression on postmetamorphic thymocytes reflects an increase in the number of positive cells rather than increased expression on individual cells (data not shown).
DISCUSSION
These studies examined the possible role of thyroid hormones in the regulation of expression of MHC class antigens. In the families of frogs examined, class was first detected in the spleen of untreated control frogs at stage 55 when animals were reared at 22-24C and developed according to the Nieuwkoop and Faber schedule of stages (Nieuwkoop and Faber, 1967) . When animals were reared at slightly lower temperatures and developed more slowly, class I could be detected as early as stages 53-54. Neither inhibition of metamorphosis nor acceleration of metamorphosis altered the time of onset of class expression (Figs. and 3) .
On splenocytes and erythrocytes of untreated control frogs of the F-strain, relative fluorescence intensity, expressed as linear mean fluorescence, was increased at postmetamorphic stages. Because the percentage of positive cells in the spleen remained about the same at late larval stages and after metamorphosis, increased fluorescence reflects increased expression on individual cells.
Because the splenocytes and erythrocytes recovered from older perchlorate-blocked frogs (148-224 days of age) did not show the increased expression of class antigens characteristic of postmetamorphic adults, thyroid hormones may be involved in regulation of the level of class expression. However, in young thyroidx-Ta-aCcelerated frogs, splenocytes and erythrocytes also retained the larval pattern of dim fluorescence intensity. Thus, although a significant number of splenocytes and erythrocytes were class positive, the switch to higherintensity expression may depend on other metamorphosis-associated changes in addition to thyroid hormones.
Splenocytes and el'throcytes from thyroidx-T4-accelerated frogs that were allowed to survive for month postmetamorphosis showed adult levels of class I expression (data not shown). Therefore, following thyroid-hormone-driven metamorphosis, class I expression can be upregulated in these animals, but it was not increased in perchlorate-inhibited permanent tadpoles. On thymocytes, class expression was dim even in postmetamorphic animals, but an increased number of thymocytes became positive after metamorphosis.
In older perchlorate-treated permanent tadpoles, erythrocytes showed increased intensity of class I expres-sion, but expression did not equal adult levels. This result was observed previously by Flajnik and Du Pasquier (1988 (1988) showed that a high level of class expression was found in the newly emerging adult erythrocyte population after metamorphosis. Persisting larval erythrocytes expressing lower levels of class I antigen disappeared soon after metamorphosis. Increased expression on splenic lymphocytes may reflect the development of a new adult lymphocyte population as well. Lymphocyte populations are expanding rapidly after metamorphosis (Du Pasquier and Weiss, 1973; Rollins-Smith et al., 1984) . Class 
Preparation of Cells for Staining and Analysis
When experimental animals reached a specific developmental stage, they were sacrificed, and cells from blood, thymus, and spleen were collected, as previously described (Rollins-Smith and Blair, 1990b). Blood was collected from the exposed heart. Spleen and thymuses were dissociated with fine forceps in about 300 1 of Leibovitz (L-15) medium with supplements, as previously described (Rollins-Smith and Blair, 1990b) . For counting, cells were washed once and resuspended in a known volume. An aliquot was removed, stained with trypan blue, and viable cells counted with a hemocytometer counting chamber.
Anti-Class I Monoclonal Antibody
The monoclonal antibody (mAb), TB17, specific for the MttC class determinant expressed by F-strain animals has been previously described (Flajnik et al., 1991b 
